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SYSTEM AND METHOD FOR IMAGE
REGISTRATION IN MEDICAL IMAGING
SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a U.S. national stage under 35 U.S.C.

§ 371 of International Application No. PCT/CN2016/
076358, filed on Mar. 15, 2016, designating the United
States ol America, which claims priority to Chinese Appli-
cation No. 201510679427 3filed on Oct. 19, 2015, the entire
contents of which are hereby incorporated by reference.

TECHNICAL FIELD

The present disclosure generally relates to a system and
method for i1mage processing, and more particularly, a
system and method for the detection of pathological changes
from two or more medical images acquired at various times.

BACKGROUND

In medical 1mage processing, the image registration may
refer to the process of performing certain spatial transior-
mation on an i1mage, so as to facilitate comparisons of
images of an object taken at different times or stages of a
disease as i1t progresses. The image registration may be
widely used for the purposes of medical diagnosis and
treatment. The 1mage registration may aid doctors 1n visu-
alizing and monitoring pathological changes 1n an 1dentical
object over time. For example, the image registration may
help doctors monitor the growth or shrinkage of a lesion or
nodule and may aid in detecting subtle changes in the
density of the lesion or nodule over time. Thus, it 1s desirable
to 1mprove the accuracy of 1mage registration in medical
1mages.

SUMMARY

The present disclosure provided herein relates to medical
image processing. Specifically, the present disclosure relates
to a system and method for generating temporal subtraction
images. The generated temporal subtraction images may be
obtained by performing a series of image registration on the
images ol an object taken at various times.

The 1images of an object taken at various stages may help
doctors or radiologists to i1dentily abnormalities and/or to
determine changes which have occurred between two
examinations. For example, the size and/or the location of a
lesion at various stages of the object, as illustrated 1n the
images, may be compared to indicate the development of the
lesion. However, 1t may be diflicult to compare 1images taken
at various times. For instance, if the images were taken
during the various breathing stages of the object, breathing
may impact the images.

A method of 1mage registration may be performed on the
images so as to facilitate the comparison of different images
taken at various times. To perform an 1mage registration, at
least two 1mages may be provided. One image may be
referred to the reference image. Another one may be referred
to the floating image. A spatial transformation may be
performed to deform the floating 1image to obtain an auxil-
1ary 1mage, and the difference between the auxiliary image
and the reference image may be measured by a function,
referred to as a cost function or an objective function. For a
chosen cost function, an 1mage registration method may
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utilize an optimization algorithm to reduce or substantially
minimize the cost function based on the auxiliary image and
the reference 1image, thus achieving an improved or optimal
alignment between the reference image and the auxihiary
image. A subtraction image may be obtained based on
subtracting the reference 1mage from the auxiliary image
from the improvement or optimization. Using the subtrac-
tion 1mage, the diflerences between the reference 1image and
the floating 1image may be shown. The change at a region of
interest may be demonstrated using the reference image, the
floating 1mage, and/or the subtraction image. If the tloating
image and the reference 1mage are taken at different times,
the subtraction 1mage may indicate a change at a region of
interest over time, and may be referred to as a temporal
subtraction image.

Various ways of 1image registration may be designed by
choosing a cost function, a spatial transformation to be
performed on the 1mage data, and/or an optimization algo-
rithm.

In an aspect of the present disclosure, a method for image
registration 1s provided. The method may include one or
more of the following operations. A first image of an object
may be designated as a reference image. The reference
image may include at least a reference feature point and a
reference structure. A second image of the object may be
obtained. The second 1image may include a feature point and
a structure. The feature point may correspond to the refer-
ence feature point of the reference 1image. The structure may
correspond to the reference structure of the reference image.
A first registration of the second 1mage may be performed to
obtain a first registered 1image. The first registration may
include an afline transformation. The first registered image
may include the feature point and the structure. A second
registration of the first registered 1mage may be performed
to obtain a second registered image. The second registration
may 1nclude aligning the structure in the first registered
image with the reference structure 1n the reference 1mage.
The second registered image may include the feature point.
A third registration of the second registered image may be
performed to obtain a third registered image. The third
registration may include aligning the feature point in the
second registered 1mage with the reference feature point in
the reference image. The third registered image may be
subtracted from the reference 1mage to obtain a subtraction
image. The subtraction image may include the feature point
or the structure.

In another aspect of the present disclosure, a non-transi-
tory computer readable storage medium including instruc-
tions 1s provided. The structions, when executed by a
processor, may cause the processor to eflectuate a method
including one or more of the following operations. A {first
image of an object may be designated as a reference 1mage.
The reference 1mage may include at least a reference feature
point and a reference structure. A second 1image of the object
may be obtained. The second 1image may iclude a feature
point and a structure. The feature point may correspond to
the reference feature point of the reference image. The
structure may correspond to the reference structure of the
reference 1image. A first registration of the second 1image may
be performed to obtain a first registered 1mage. The first
registration may include an afline transformation. The first
registered 1mage may include the feature point and the
structure. A second registration of the first registered 1image
may be performed to obtain a second registered 1image. The
second registration may include aligning the structure in the
first registered 1mage with the reference structure in the
reference 1image. The second registered image may include
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the feature point. A third registration of the second registered
image may be performed to obtain a third registered image.
The third registration may 1nclude aligning the feature point
in the second registered image with the reference feature
point 1n the reference 1image. The third registered 1mage may
be subtracted from the reference image to obtain a subtrac-
tion 1image. The subtraction 1mage may include the feature
point or the structure.

In some embodiments, the first registration may be based
on the optimization of either mutual information or the mean
squared error. In some embodiments, the optimization
method of the first registration may be based on the downhall
simplex method.

In some embodiments, the second registration may be
based on the free form deformation model transformation. In
some embodiments, the second registration may be based on
the optimization of either mutual information or the mean

squared error. In some embodiments, the second registration
may be based on the L-BFGS method.

In some embodiments, the third registration may be based
on the Demons model transformation. In some embodi-
ments, the third registration may be based on the optimiza-
tion of either mutual mformation or the mean squared error.
In some embodiments, the third registration may be based on
the L-BFGS method.

In some embodiments, the first image and the second
image may be taken at different times.

In some embodiments, the first image, the second 1mage,
and the subtraction image may be displayed on a same
display device. One or more of them may be displayed 1n a
row or in a column.

In some embodiments, the reference feature point 1n the
reference 1mage and the feature point 1n the second image
may be displayed in the subtraction image.

In some embodiments, the subtraction image may be
tused with the reference image for displaying a change in the
reference {feature point and/or the reference structure
between the reference image and the second image. Merely
by way of example, a doctor may determine whether the
reference feature point (e.g., a lesion) has changed by
observing the difference between the reference feature point
and the feature point. Such mformation may provide guid-
ance for the doctor in diagnosis and/or to improve or revise
a treatment plan.

In some embodiments, besides including a series of image
registration, the method may further include i1dentitying a
structure 1n the second 1mage within a region of interest 1n
the subtraction image, and quantifying the pathological
changes 1n the region of interest.

In a further aspect of the present disclosure, a system of
image processing 1s provided. The system of 1image process-
ing may include an acquisition module and an 1mage pro-
cessing module. The acquisition module may acquire a first
image and a second 1mage. The 1mage processing module
may designate the first 1image as a reference image. The
image processing module may designate the second 1image
as a floating image. The image processing module may
perform 1image registration based on the reference image and
the floating 1mage, and perform 1image subtraction based on
the 1image registration and the reference 1mage to acquire a
temporal subtraction 1mage.

In some embodiments, the 1mage processing module may
include a post-processing unit to perform lesion detection
and lesion measurement. In some embodiments, the image
processing module may include a control unit to control the
performance of a series of registrations.

10

15

20

25

30

35

40

45

50

55

60

65

4

In some embodiments, the imaging system may include a
Computed Tomography (CT) system, a Digital Radiography
(DR) system, a Computed Tomography-Positron Emission
Tomography (CT-PET) system, a Computed Tomography-
Magnetic Resonance Imaging (CT-MRI) system, an X-ray
security system or an X-ray foreign matter detection system,
or the like, or any combination thereof.

Additional features will be set forth 1n part 1in the descrip-
tion which follows, and 1n part will become apparent to
those skilled in the art upon examination of the following
and the accompanying drawings or may be learned by
production or operation of the examples. The features of the
present disclosure may be realized and attained by practice
or use of various aspects of the methodologies, mstrumen-
talities and combinations set forth 1n the detailed examples
discussed below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure 1s further described 1n terms of
exemplary embodiments. These exemplary embodiments
are described in detail with reference to the drawings. These
embodiments are non-limiting exemplary embodiments, 1n
which like reference numerals represent similar structures
throughout the several views of the drawings, and wherein:

FIG. 1 shows an exemplary diagram of an image pro-
cessing system according to some embodiments of the
present disclosure;

FIG. 2 illustrates an exemplary tflowchart of image pro-
cessing according to some embodiments of the present
disclosure:

FIG. 3 shows an exemplary diagram of a processing
module according to some embodiments of the present
disclosure;

FIG. 4 1s an exemplary flowchart illustrating a processing,
of 1image registration according to some embodiments of the
present disclosure;

FIG. 5 1s an exemplary flowchart 1llustrating a process for
image processing according to some embodiments of the
present disclosure;

FIG. 6 1s an exemplary diagram of an image registration
unmt according to some embodiments of the present disclo-
SUre;

FIG. 7 1s an exemplary flowchart illustrating a process for
performing a registration according to some embodiments of
the present disclosure;

FIG. 8A through FIG. 8C demonstrate some exemplary
images obtained by performing the registration as 1llustrated
in FIG. 7;

FIG. 9 1s an exemplary flowchart 1llustrating a process for
performing a registration according to some embodiments of
the present disclosure;

FIG. 10A through FIG. 10D demonstrate some exemplary
images obtained by performing the registration as illustrated
in FIG. 9;

FIG. 11 1s an exemplary flowchart illustrating a process
for performing a registration according to some embodi-
ments of the present disclosure;

FIG. 12 A through FIG. 12D demonstrate some exemplary
images obtained by performing the registration as 1llustrated
in FIG. 11;

FIG. 13 1s an exemplary flowchart 1llustrating a process
for performing a series ol registrations according to some
embodiments of the present disclosure;

FIGS. 14A-14F 1llustrate six CT 1mages that were gen-
erated based on i1mage registration according to some
embodiments of the present disclosure; and
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FIGS. 15A-15F illustrate six X-ray images that were
generated based on 1mage registration according to some
embodiments of the present disclosure.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth by way of example 1n order to provide
a thorough understanding of the relevant disclosure. How-
ever, 1t should be apparent to those skilled 1n the art that the
present disclosure may be practiced without such details. In
other 1nstances, well known methods, procedures, systems,
components, and/or circuitry have been described at a rela-
tively high-level, without detail, 1n order to avoid unneces-
sarily obscuring aspects of the present disclosure. Various
modifications to the disclosed embodiments will be readily
apparent to those skilled in the art, and the general principles
defined herein may be applied to other embodiments and
applications without departing from the spirit and scope of
the present disclosure. Thus, the present disclosure 1s not
limited to the embodiments shown, but to be accorded the
widest scope consistent with the claims.

It will be understood that the term “‘system,” “engine,’
unit,” “module,” and/or ‘“block™ used herein are one
method to distinguish different components, elements, parts,
section or assembly of different level 1n ascending order.
However, the terms may be displaced by other expression 1f
they may achieve the same purpose.

It will be understood that when a unit, engine, module or
block 1s referred to as being “on,” “connected to,” or
“coupled to” another unit, engine, module, or block, 1t may
be directly on, connected or coupled to, or communicate
with the other unit, engine, module, or block, or an inter-
vening unit, engine, module, or block may be present, unless
the context clearly indicates otherwise. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed 1tems.

The terminology used herein 1s for the purposes of
describing particular examples and embodiments only, and
1s not intended to be limiting. As used herein, the singular
forms ““a,” “an,” and “the” may be intended to include the
plural forms as well, unless the context clearly indicates
otherwise. It will be further understood that the terms
“include,” and/or “comprise,” when used in this disclosure,
specily the presence of integers, devices, behaviors, stated
features, steps, elements, operations, and/or components, but
do not exclude the presence or addition of one or more other
integers, devices, behaviors, Ieatures, steps, eclements,
operations, components, and/or groups thereof. It will be
turther understood that the terms “‘constructed™ and ““recon-
struct”, when used in this disclosure, may represent a similar
process that an 1mage may be transformed from data.

In some embodiments, the medical imaging system may
be operated under various modalities, including but not
limited to, Digital Subtraction Angiography (DSA), Mag-
netic Resonance Imaging (MRI), Magnetic Resonance
Angiography (MRA), Computed tomography (CT), Digital
Radiography (DR), Computed Tomography Angiography
(CTA), Ultrasound Scanning (US), Positron FEmission
Tomography (PET), Single-Photon Emission Computerized
Tomography (SPECT), CT-MR, CT-PET, CE-SPECT, DSA-
MR, PET-MR, PET-US, SPECT-US, TMS (franscranial
magnetic stimulation)-MR, US-CT, US-MR, X-ray-CT,
X-ray-MR, X-ray-portal, X-ray-US, Video-CT, Vide-US, or
the like, or any combination thereof. This 1s understood that
the following descriptions are provided 1n connection with
medical 1mage processing for illustration purposes and not
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intended to limit the scope of the present disclosure. The
image processing disclosed herein may be used for purposes
other than medical treatment or diagnosis. For instance, the
image processing may be used for purposes of detecting a
fracture within a structure or its progression over time, a
non-uniform portion within a piece of matenal, etc.

The radiation used by a medical imaging system may
include a particle ray, a photon ray, or the like, or any
combination thereol. The particle ray may include neutron,
proton, electron, u-meson, heavy 1on, or the like, or any
combination thereof. The photon beam may include X-ray,
v-ray, d.-ray, [3-ray, ultraviolet, laser, or the like, or any
combination thereof. In some embodiments, the 1mage reg-
istration may be the registration of a C'T 1image. For example,
various CT 1mages obtained by scanning the lung area of a
patient may be processed, or sometimes warped, to check
the status of the lung area of the patient. In some embodi-
ments, the image registration may be the registration of a DR
image. For example, various DR 1mages exhibiting the
cerebral area of a patient over time may be warped and fused
together for further processing.

In some embodiments, the object may be a human being,
an animal, an organ, a texture, a region, a lesion, a tumor, or
the like, or any combination thereoif. Merely by way for
example, the object may include a head, a breast, a lung, a
trachea, a pleura, a mediastinum, an abdomen, a long
intestine, a small intestine, a bladder, a gallbladder, a triple
warmer, a pelvic cavity, a backbone, extremities, a skeleton,
a blood vessel, or the like, or any combination thereof. In
some embodiments, the medical image may include a 2D
image and/or a 3D 1mage. In some embodiments, the 3D
image may include a series of 2D slices or 2D layers.

For illustration purposes, the following description 1s
provided to help better understanding an 1image processing.
It 1s understood that this 1s not intended to limit the scope of
the present disclosure. For persons having ordinary skills in
the art, a certain amount of variations, changes and/or
modifications may be deducted under guidance of the pres-
ent disclosure. However, those variations, changes and/or
modifications do not depart from the scope of the present
disclosure.

The present disclosure provided herein relates to medical
image processing. Specifically, the present disclosure relates
to a system and method for image registration. Image
registration may be used in remote sensing, multispectral
classification, environmental monitoring, 1mage mosaick-
ing, weather forecasting, creating super-resolution images.
Image registration may also be widely sued 1n diagnosis and
treatment of patient in medicine such as combining com-
puter tomography (CT) and nuclear magnetic resonance
(NMR) data to obtain more complete information about, for
example, a patient, an object, weather, or the like, or a
change thereof. Image registration may also be used 1n
cartography (map updating), and 1n computer vision (target
localization, automatic quality control). The process of
image registration as 1illustrated in the present disclosure
may be completely automated, to perform an automatic
generation of the temporal subtraction 1mages and/or fusion
images. It may be embedded into a computer-aided and
automated medical diagnosis and treatment system.

FIG. 1 shows an exemplary diagram of an image pro-
cessing system according to some embodiments of the
present disclosure. As described 1n FIG. 1, the image pro-
cessing system may include an acquisition module 110, a
processing module 120, a storage module 130, an output
module 140, a network 150, and a server 160. The connec-
tion between different units may be wired or wireless. The
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wired connection may include using a metal cable, an optical
cable, a hybrid cable, an interface, or the like, or any

combination thereof. The wireless connection may include

using a Local Area Network (LAN), a Wide Area Network
(WAN), a Bluetooth, a ZigBee, a Near Field Communication
(NFC), a Wi-F1, a Wireless a Wide Area Network (WWAN),

or the like, or any combination thereof.

The acquisition module 110 may acquire and/or send
information related to image processing. The information
may be acquired from the processing module 120, the
storage module 130, the output module 140, the network 150
the server 160, or the like, or any combination thereof. The
information may include data, such as a number, a text, an
image, a voice, a force, a model, an algorithm, a software,
a program, or the like, or any combination thereof. For
example, the information may include mmformation relating
to an object, an operator, an instrument, an instruction, or the
like, or any combination thereof. As used herein, the object
may refer to a human being, an animal, an organ, a texture,
a region, a lesion, a tumor, or the like, or any combination
thereol. In some embodiments, the object may include a
substance, a tissue, a specimen, a body, or the like, or any
combination thereof. The object may include a head, a
breast, a lung, a pleura, a mediastinum, an abdomen, a long,
intestine, a small intestine, a bladder, a gallbladder, a triple
warmer, a pelvic cavity, a backbone, an extremity, a skel-
cton, a blood vessel, or the like, or any combination thereof.
Exemplary information relating to an object may include
cthnicity, citizenship, religion, gender, age, matrimony,
height, weight, a medical history, job, personal habits, an
organ or tissue to be examined, or the like, or any combi-
nation thereof. Exemplary information relating to an opera-
tor may include a department, a ftitle, prior experience,
credentials, an operating history, or the like, or any combi-
nation thereot, of the operator. Exemplary information relat-
ing to an instrument may include an operation status, the
serial number of the medical imaging system, date of
operation or the like, or any combination thereof, of the
image processing system. Exemplary information relating to
an 1nstruction may include a control command, an operation
command, such as a command for selecting an image, or the
like, or any combination thereof, of the image processing
system. Merely by way ol example, the commands for
selecting images may be an instruction to select one or more
images 1n order to assess a change 1n 1mages.

The processing module 120 may process different kinds
of information received from different modules or units
including the acquisition module 110, the storage module
130, the output module 140, the network 1350, the server 160,
or other modules or units that may generate information. The
processing module 120 may process the data from the
acquisition module 110 to generate a CT 1mage of an object
under examination.

The processing module 120 may perform pre-processing,
image registration, 1image subtraction and post-processing,
or the like, or any combination thereof. In some embodi-
ments, the pre-processing may include image normalization,
image segmentation, 1image reconstruction, 1image smooth-
ing, suppressing, weakening and/or removing a detail, a
mutation, a noise, or the like, or any combination thereotf. In
some embodiments, the 1mage registration may include a
series ol registrations. In some embodiments, the post-
processing may include a disease detection, a disease mea-
surement, an 1mage display, image storage management,
other 2D and/or 3D post-processing technique, or the like, or
any combination thereol. Merely by way of example, the
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images acquired aiter the image subtraction may contain
noise, which may be treated in the post-processing.

The processing module 120 may transier the information
from the storage module 130 to a particular form that may
be 1dentified, understood, or executed by the processing
module 120, and 1t may process the mformation from the
acquisition module 110 to retrieve data from the storage
module 130. The information from the acquisition module
110 to the output module 140 may be processed by the
storage module 130 firstly so that 1t may be 1dentified,
understood, or executed by the processing module 120. The
above description of the processing module 120 1s merely
for exemplary purposes, should not be understood as the
only embodiments, and these examples do not limit the
scope of the present disclosure.

In some embodiments, the processing module 120 may be
a Central Processing Unit (CPU), an Application-Specific
Integrated Circuit (ASIC), an Application-Specific Instruc-
tion-Set Processor (ASIP), a Graphics Processing Unit
(GPU), a Physics Processing Unit (PPU), a Digital Signal
Processor (DSP), a Field Programmable Gate Array
(FPGA), a Programmable Logic Device (PLD), a Controller,
a Microcontroller unit, a Processor, a Microprocessor, an
ARM, or the like, or any combination thereof.

The storage module 130 may be store information related
to 1mage processing. In some embodiments, the storage
module 130 may perform some storage-related function,
such as data consolidation and/or data pre-processing. The
storage module 130 may acquire information from or output
to other modules. Merely by way of example, the storage
module 130 may receive the data from the acquisition
module, and then convey 1t to the processing module after
possible pre-procession. The mformation stored in storage
module 130 may be acquired from or output to external
resource, such as a tloppy disk, a hard disk, a CD-ROM, a
network server, a cloud server, a wireless terminal, or the
like, or any combination thereof.

The storage module 130 may store information by the
way of electric, magnetic, optical energy, or virtual storage
resources, etc. The storage module that store information by
the way of electric energy may include Random Access
Memory (RAM), Read Only Memory (ROM), flash
memory, or the like, or any combination thereof. The storage
module that stores information by the way ol magnetic
energy may include a hard disk, a floppy disk, a magnetic
tape, a magnetic core memory, a bubble memory, a USB
flash drive, or the like, or any combination thereof. The
storage module that store information by the way of optical
energy may include CD (Compact Disk), VCD (Video
Compact Disk), or the like, or any combination thereof. The
storage module that store information by the way of virtual
storage resources may include cloud storage, a virtual pri-
vate network, and/or other virtual storage resources. The
method to store information may include sequential storage,
link storage, hash storage, index storage, or the like, or any
combination thereof.

The output module 140 may output the information and/or
data related to 1mage processing. For example, the output
module 140 may display the images acquired from the
acquisition module 110 and/or the storage module 130, the
output module 140 may display and/or output an image
processed by the processing module 120, The output module
140 may include or be communicated with a personal
computer, a desktop computer, a personal digital assistant, a
somatosensory device, a mobile phone, a screen, a monitor,
a printer, or the like, or any combination thereof. The output
module 140 may be connected with one or more external
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devices. The external devices may include a mouse, a
keyboard, a remote-control unit, a sensor, or the like, or any
combination thereof.

The network 150 may establish connection between any
two of the acquisition module 110, the processing module
120, the storage module 130, the output module 140, and the
server 160 to communicate with each other. The network
150 may be a single network or a combination of different
networks. For example, the network 150 may be a local area
network (LAN), a wide area network (WAN), a public
network, a private network, a proprietary network, a Public
Telephone Switched Network (PSTN), the Internet, a wire-
less network, a virtual network, or the like, or any combi-
nation thereof.

The server 160 may store and/or implement some 1nfor-
mation related to 1mage processing and some i1mage pro-
cessing algorithms. The server 160 may be a cloud server.
Merely by way of example, the server 160 may be imple-
mented 1n a cloud server that may provide storage capacity,
computation capacity, or the like, or a combination thereof.

It should be noted that the above descriptions about the
image processing system 1s merely an example, should not
be understood as the only embodiment. Obviously, to those
skilled 1n the art, after understanding the basic principles of
the connection between difterent modules, the modules and
connection between the modules may be modified or varied
without departing from the principles. The modifications
and variations are still within the scope of the current
disclosure described above. In some embodiments, these
modules may be independent, and 1n some embodiments,
part of the modules may be integrated into one module to
work together. Merely by way of example, some information
may be stored in the server 160, some steps of 1mage
processing may be performed by the server 160, functions of
the acquisition module 110 and the output module 130 may
be performed 1n one module, the information received by the
acquisition module 110 may be from the server 160.

FIG. 2 illustrates an exemplary flowchart of image pro-
cessing according to some embodiments of the present
disclosure. In step 201, at least two 1mages of an object may
be acquired. The images may be obtained via the acquisition
module 110. The images may be generated at diflerent times.
For example, at least one 1mage may be generated at the
carly stage of lung cancer of an object, and at least one
image may be generated at a late stage of lung cancer of the
same object. The two i1mages may be a mono-modality
image. The images may be acquired by the same mono-
modality 1 1mag111g device or the same multimodality imaging
devices. The 1mages may be acquired by diflerent mono-
modality imaging device. For instance, the images may be
generated by Digital Subtraction Angiography (DSA), Mag-
netic Resonance Imaging (MRI), Magnetic Resonance
Angiography (MRA), Computed tomography (CT), Digital
Radiography (DR), Computed Tomography Angiography
(CTA), Ultrasound Scanning (US), Positron Emission
Tomography (PET), Single-Photon Emission Computerized
Tomography (SPECT), CT-MR, CT-PET, CE-SPECT, DSA-
MR, PET-MR, PET-US, SPECT-US, TMS (transcranial
magnetic stimulation)-MR, US-CT, US-MR, X-ray-CT,
X-ray-MR, X-ray-portal, X-ray-US, Video-CT, Vide-US, or
the like, or any combination thereof. In some embodlments
the 1images may be two CT 1mages of an object generated at
different times and/or at different hospitals. Merely by way
of example, the images may include two DR 1mages of an
object taken at different times and/or different hospitals
using different imaging devices. The imaging devices may
be of the same type or diflerent types. One 1mage may be set

10

15

20

25

30

35

40

45

50

55

60

65

10

as a reference 1mage. As used herein, a reference 1mage may
refer to an 1mage taken at an early time point. For example,
the reference 1mage may be an 1mage of the object at an
initial stage of lung cancer at an early time, showing the
status of the object and the distribution of the lesion or
nodule within a lung area. As used herein, a floating 1image,
or a dynamic 1image, may refer to an 1image of a same or
similar area as the reference image. A floating 1mage may be
taken at a different time than the reference image. For
instance, a tloating 1mage of the object may show the status
of the same or similar lung area of the object at a later time,
such as the distribution or density of the lesion or nodule
within the lung area.

In step 202, the two 1mages of the object may be subject
to pre-processing. The pre-processing procedure may be
performed by the acquisition module 110. Alternatively, the
pre-processing procedure may be performed by the process-
ing module 120. In some embodiments, the pre-processing
may include a way of identification of rib area in a medical
image. For example, a medical image exhibiting the lung
area may be obtained first. For example, a method 1n the
Chinese Application No. 201310170102.3 was disclosed to
segment the lung area out of the 1mage. A pre-processing
may be performed on the medical image to locate the rib(s)
within the lung area 1n the image. The pre-processing may
be performed based on a Hough template. The Hough
template may be utilized to perform the Hough transforma-
tion on the lower boundary part of the ribs within the lung
area. Based on the value of the gravity center of the Hough
template, a substantially optimal Hough template may be
determined. The lower boundary part of the ribs correspond-
ing to the substantially optimal Hough template may be
distilled, and made smooth to be used as a baseline template
for the image. Using the baseline template, a generalized
Hough transformation may be performed at the lower
boundary part of the rib(s) within the lung area to furnish an
initial positioning. A bi-lateral dynamic programming algo-
rithm may then be performed to segment the upper and
lower boundary of the ribs, and transier the result of
segmentation backward to the image, so as to separate the
rib(s) within the lung area. In some embodiments, the
pre-processing may include image normalization, 1mage
segmentation, 1mage recognition, 1mage reconstruction,
image smoothing, suppressing, weakening and/or removing
a detail, a noise, or the like, or any combination thereof.

Image segmentation may refer to the process of partition-
ing a digital image 1nto multiple segments. In some embodi-
ments, the method of a segmentation may include a thresh-
old segmentation, a region growing segmentation, a region
split and/or merge segmentation, an edge tracing segmen-
tation, a statistical pattern recognition, a C-means clustering,
segmentation, a deformable model segmentation, a graph
search segmentation, a neural network segmentation, a geo-
desic mimimal path segmentation, a target tracking segmen-
tation, an atlas-based segmentation, a rule-based segmenta-
tion, a coupled surface segmentation, a model-based
segmentation, a deformable organism segmentation, or the
like, or any combination thereof. In some embodiments, the
segmentation method may be performed 1n a manual mode,
a semi-automatic mode, or an automatic mode. The three
modes may allow a user or an operator to control the image
processing in various degrees. In some embodiments of the
manual mode, a parameter of the segmentation may be
determined by the user or the operator. Exemplary param-
cters may 1nclude a threshold level, a homogeneity criterion,
a function, an equation, an algorithm, a model, or the like,
or any combination thereof. In some embodiments of the
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automatic mode, the segmentation may be incorporated with
some 1nformation about a desired object including, e.g., a
prior1 information, an optimized method, an expert-defined
rule, a model, or the like, or any combination thereof. The
information may also be updated by training or self-leamn-
ing. In some embodiments of the semi-automatic mode, the
user or the operator may supervise the segmentation process
to a certain extent.

Image smoothing may refer to a process of removing
noise digitally and improve the quality of an image. The
processing ol 1mage smoothing may be 1n a spatial domain
and/or a frequency domain. In some embodiments, smooth-
ing 1n the spatial domain may include processing image
pixels and/or voxels directly. Smoothing in the frequency
domain may include processing a transformation value
firstly acquired from the 1image and then inversely transform
the transformation value into a spatial domain. Exemplary
image smoothing may include a median smoothing, a
Gaussian smoothing, a mean smoothing, a normalized
smoothing, a bilateral smoothing, or the like, or any com-
bination thereof.

In step 203, a series of 1mage registration may be per-
formed on the floating 1mage to obtain one or more desired
target 1mages for comparison with the reference image. In
some embodiment, a series of coarse registration, fine reg-
istration, and super-fine registration may be performed
sequentially on the floating image, or an i1mage resulted
therefrom (e.g., an auxiliary image described elsewhere in
the present disclosure. An 1mage registration may include
choice of a group of spatial transformations, a designation of
a cost function, and an optimization method. The group of
spatial transformations may describe specific spatial trans-
formations that may be performed on the floating 1mages. In
some embodiment, the group of spatial transformations may
be a group of translations. In some embodiments, the group
of spatial transformations may be a group of rigid motions.
In some embodiments, the group of spatial transformations
may be a group of afline transformations. The group of
spatial transformation may also be based on an elastic model
or a fluid model.

A cost function may be used to measure the difference
between two 1mages. In some embodiments, the cost func-
tion may be mutual information (MI) or relative entropy
between the two images. Based on information theory,
mutual information may represent the amount of informa-
tion that one 1mage may contain about a second image.
Mutual information may be maximized by aligning the two
images 1n an optimal way. For illustration purposes, mutual
information between a first image A and a second 1mage B
may be expressed as Equation (1) below:

.

C

5

(1)

wherein H(A) and H(B) may denote the marginal entropies
of A, B, and H(A,B) may denote their joint entropy calcu-
lated from the joint histogram of A and B.

In some embodiments, the cost function may be normal-
ized mutual information (NMI) between the two images.
The normalized mutual information may be computed using
the 1mage entropies according to Equation (2):

im ffarz'.{‘y(A:B):H(A)+H(B)_H(A:B) 3

H(A) + H(B)
H(A, B) °
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wherein H(A) and H(B) may denote the marginal entropies
of A, B, and H(A,B) may denote their joint entropy calcu-
lated from the joint histogram of A and B.

In some embodiments, the cost function may be given as
a mean squared error (MSE) between the two 1mages. In
some embodiments, the cross correlation between the two
images may be designated as the cost function. In some
embodiments, the cost function may be given as a sum of
squared intensity differences between the two 1images.

It should be noted that the above description of the cost
function 1s provided for the purposes of illustration, not
intended to limit the scope of the present disclosure. For
persons having ordinary skills 1n the art, various variations
and modifications may be conducted under the teaching of
the present disclosure. However, those variations and modi-
fications may not depart the protecting scope of the present
disclosure. For example, the cost function may be Hybrid-
NMI.

In step 203, an optimization method may be selected
based on the nature of the cost function and the group of
spatial transformations selected. In some embodiments, the
optimization of a cost function may involve a plurality of
parameters. For example, for a free-form deformation (FFD)
algorithm based on the B-spline, with the control nodes of
10x10x10, the parameters for describing the degree of
freedom may reach up to 13x13x13=2197. The complexity
of optimization may depend on the size of mesh, 1.e. the
distance between the control nodes, because a small mesh
size¢ may 1nvolve a great amount of computation. The
optimization method may include a Powell method, a down-
hill stmplex method, a gradient descent method, a downhall
simplex method, a deepest gradient descending method, a
conjugate gradient method, a pseudo-Newton method, a
quasi-Newton method, a least-squares and Gauss-Newton
method, a Broyden-Fletcher-Goldfarb-Shanno (BFGS)
method, a limited-memory Broyden-Fletcher-Goldfarb-
Shanno (L-BFGS) method, a simulated annealing method,
an ant colony optimization (ACO) method, a genetics algo-
rithm (GA), a Levenberg-Marquardt optimization method, a
geometric hashing method, a particle swarm optimization
(PSO) method, a firefly algorithm (FA) method, or the like,
or a combination thereof.

In step 204, the post-processing may be performed. In
some embodiments, a procedure of post-processing may be
performed on the result images from step 203. A subtraction
image may be generated by subtracting a floating image, or
an 1mage relating to the floating 1mage (e.g., an auxiliary
image described elsewhere 1n the present disclosure), from
a reference 1mage. In some embodiments, the floating image
may include a same or similar region as the reference image.
In some embodiments, the floating 1mage may be taken at a
different time. The subtraction 1image obtained by way of
subtracting a floating image taken at a different time than the
reference 1mage may be referred to as a temporal subtraction
image. The temporal subtraction 1mage may show the dii-
ferences between the transformed image and the reference
image. In some embodiments, the subtraction 1image (e.g., a
temporal subtraction 1mage) may be combined with the
reference 1image to provide a fused image. The fused 1mage,
and/or the reference image, as well as other relevant images
(e.g., one or more tloating images), may be further processed
to designate a region of interest. The size of the region of
interest may be calculated, and the location of the region of
interest may be labelled for future use. In some embodi-
ments, the temporal subtraction image and/or the fused
image may be provided to a display device for display. The
post-processing may include a disease detection, a disease
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measurement, an 1mage display, image storage management,
other 2D and/or 3D post-processing techmque, or the like, or
any combination thercol. Merely by way of example, the
images acquired aiter the image subtraction may contain
noise, which may be treated in the post-processing.

It should be noted that the flowchart described above 1s
provided for the purposes of illustration, and not intended to
limit the scope of the present disclosure. For persons having
ordinary skills in the art, various variations and modifica-
tions may be conduct under the teaching of the present
disclosure. However, those variations and modifications
may not depart from the protecting of the present disclosure.
For example, step 201, step 202, step 203 and step 204 may
be performed sequentially at an order other than that
described above 1n FIG. 2. At least two steps of step 201,
step 202, step 203 and step 204 may be performed concur-
rently. Step 201, step 202, step 203 and step 204 may be
merged 1nto a single step or divided 1nto a number of steps.
In addition, one or more other operations may be performed
before/after or 1n performing step 201, step 202, step 203,
and step 204. At least one of step 201, step 202, step 203 and
step 204 may be unnecessary and may be omitted.

FIG. 3 shows an exemplary diagram of a processing
module according to some embodiments of the present
disclosure. As described 1n FIG. 3, the processing module
may include a pre-processing unit 310, a control unit 320, a
registration unit 330, a storage unit 340, and a post-process-
ing unit 350. The communication or data exchange between
different units may be via a wired connection or a wireless
connection. The wired connection may include using a metal
cable, an optical cable, a hybrid cable, an interface, or the

like, or any combination thereof. The wireless connection
may 1nclude using a Local Area Network (LAN), a Wide

Area Network (WAN), a Bluetooth, a ZigBee, a Near Field
Communication (NFC), a Wi-Fi, a Wireless a Wide Area
Network (WWAN), or the like, or any combination thereof.

The pre-processing unit 310 may acquire and/or send
information relating to image processing. The information
may be acquired from the control unit 320, the registration
unit 330, the storage umt 340, or the post-processing unit
350, or the like, or any combination thereof. The information
may include data, such as a number, a text, an 1mage, a
voice, a force, a model, an algorithm, a software, a program,
or the like, or any combination thereol. For example, the
information may include information relating to an object,
an operator, an instrument, an instruction, or the like, or any
combination thereof, as described elsewhere 1n the present
disclosure.

The control unmit 320 may coordinate the execution of
image registration. The control unit 320 may obtain and/or
forward information relating to an object, an operator, an
instrument, and an instruction, etc. from/to the pre-process-
ing unit 310. The control unit 320 may forward at least part
ol the obtained information to the registration unit 330. For
example, various 1mages of an object at different times may
be forwarded to the registration unit 330 for processing. The
control unit 320 may determine the type of registration to be
performed on the 1mages. For example, the control unit 320
may determine the group of spatial transformations, the
choice of cost function, and the optimization method. In
some embodiments, the control unit 320 may determine a
type of coarse registration (see below for detailed descrip-
tion of coarse registration) to be performed. Merely by way
of example, the coarse registration may include a group of
athne transformations, and the cost function of the normal-
1zed mutual information between the 1mages, and the opti-
mization method of the downhill simplex method.
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The registration unit 330 may perform the specific image
registration on the obtained images. The type of image
registration may be selected by the control unit 320. Alter-
natively, the type of 1image registration may be selected by
the registration unit 330 itself. Based on the selected image
registration, the registration unit 330 may choose the cor-
responding spatial transformation by setting the appropnate
mesh size for the images, and choosing the parameters
involved 1n the spatial transformation. The registration unit
330 may determine the type of solver for the selected cost
function and the optimization method. The solver may be a
matrix solver. In some embodiments, the solver may be an
ordinary differential equation (ODE) solver. In some
embodiments, the solver may be a partial differential equa-
tion (PDE) solver. For instance, the PDE solver may be
selected when an elastic model or a fluid model for model-
ling the offsets of non-rigid meshes 1s mvolved.

The storage unit 340 may store information relating to
image processing. In some embodiments, the storage unit
340 may store the algorithms related to 1mage registration.
For example, algorithms may include algorithms relating to
a coarse registration, algorithms related to a fine registration,
algorithms related to a super-fine registration.

The storage unit 340 may acquire information from or
provide information to other modules. Merely by way of
example, some mnformation may be acquired from or output
to external resource, such as a floppy disk, a hard disk, a

CD-ROM, a wireless terminal, or the like, or any combina-
tion thereof.

The storage unit 340 may store information by the way of
clectric, magnetic, optical energy, or virtual storage
resources, etc. The storage module that store information by
the way of electric energy may include Random Access
Memory (RAM), Read Only Memory (ROM), or the like, or
any combination thereof. The storage module that stores
information by the way of magnetic energy may include a
hard disk, a floppy disk, a magnetic tape, a magnetic core
memory, a bubble memory, a USB flash drive, or the like, or
any combination thereof. The storage module that store
information by the way of optical energy may include CD
(Compact Disk), VCD (Video Compact Disk), or the like, or
any combination thereof. The storage module that store
information by the way of virtual storage resources may
include cloud storage, a virtual private network, and/or other
virtual storage resources. The method to store information
may include sequential storage, link storage, hash storage,
index storage, or the like, or any combination thereof.

The post-processing unit 350 may perform post-process-
ing. The post-processing may 1include disease detection,
disease measurement, 1mage display, image storage man-
agement, or other 2D and/or 3D post-processing technique
or the like, or any combination thereof. Merely by way of
example, the 1mages acquired after the image subtraction
may contain noise, which may be treated in the post-
processing. The display of 1mages may be provided by the
post-processing unit 350.

It should be noted that the above description of the 1mage
processing module 1s provided for the purposes of illustra-
tion, not intended to limit the scope of the present disclosure.
For persons having ordinary skills in the art, various varia-
tions and modifications may be conducted under the teach-
ing of the present disclosure. However, those variations and
modifications may not depart the protecting scope of the
present disclosure. For example, the data acquired by the
pre-processing umt 310 may be sent to the storage unit 340
and/or the registration unit 330. The control unit 320 may be
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combined with the storage unit 340 to work as a single
operative unit. A subtraction unit may

FI1G. 4 1s an exemplary flowchart i1llustrating a process for
image registration according to some embodiments of the
present disclosure. In step 401, a model for image registra-
tion may be determined. The model for image registration
may designate the group of spatial transformations. For
example, the three-dimensional athine transformation may
take the following form:

B L _ _ _ _ _
A dip ayr apz ||l x Iy (3)
!
Vil=lau ax axs ||y |+]|1y |
| last a2 asxsflz] |1

wherein (X', y', z') may be the coordinate of transtformed
voxels, (X, v, z) may be the coordinate of the voxel before
the transformation. The coetlicients a,,, a,,, a;3, a5, Asys,
53, 31, 83, A33, L, t, t, may be the parameters to be
optimized. In another example, the spatial transformation
may be based on the B-spline transformation model, where
the B-spline function 1s described by:

B VIR (4)
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wherein

(3)

u=x/m_—|xm_|,

v=y/m ~|ym, |, (6)

(7)

w=z/n_—|z/n_|,

Bo(u)=(1-u)’/6, (8)

B (1)=(3u - 61°+4)/6, (9)

Bo(1)=(=3t3+3:2+3u+1)/6, (10)

By(u)=u16, (11)

and

i=|xm,]-1,=|n,]-1,k=|z/n]-1, (12)

may be the indices of a control point, and dx, dy, dz may give
the oflsets along the X direction, the Y direction, and the Z
direction, respectively, of the control points. The set of
control points gives the framework of the B-spline transior-
mation, so the movement of the control points along the X
direction, the Y direction, and the Z direction, give the
parameters to be optimized during the registration.

In some other embodiments, the spatial transformation
may be based on modelling of a local deformation field. For
example, 1 the 1image registration process may be based on
image forces and Gaussian regulation of the deformation
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field, such as a demons method. The transformation model
of the demons method may be a local displacement field, 1.e.,
at each and every pixel x, the deformation may be described
by a displacement vector u[x], such that T [x]=x+u[x]. The
demons method may update the displacement field u itera-
tively. The displacement field may be updated in each step
by adding an increment 1n the direction of the image force
field to the displacement field from the previous step.

In some embodiments, the Demons method may be uti-
lized as the model for the group of spatial transformation.
Specifically, the movement of the voxel along the X direc-
tion, the Y direction, and the Z direction, respectively, may
be determined by the gradient of the gray level of the
reference 1image:

C2X(m—-f)Vm+Af)
Cm= )+ |Vm+AfP

(13)

i

Here for a voxel p, I=i(p) 1s the gray level at p in the
reference 1mage, m=m(p) 1s the gray level at p i the
auxiliary image. Vm and VT are the gradient of the functions
m(p) and 1(p), respectively.

In step 402, a similarity measure may be determined. In
some embodiments, the similarity measure may be deter-
mined based upon the model of spatial transformation. For
example, for the spatial transformation given by the afline
transformation, the similarity measure may be the mutual
information between the images including the reference
image and the floating image. In some embodiments, the
similarity measure may be normalized mutual information
between the images. In some embodiments, the similarity
measure may be hybrid normalized mutual 1nformation
between the images. In some embodiments, the similarity
measure may be cross correlation, Mean squared FError,
gradient cross-correlation, the diflerence 1n the gradient and
sum ol squared intensity differences between the two
images, or the like, or a combination thereof.

In step 403, an optimization method may be determined.
The determination of the optimization method may depend
upon the spatial transformation and/or the similarity mea-
sure. The optimization method considered here may include
a Powell method, a downhill simplex method, a gradient
descent method, a deepest gradient descending method, a
conjugate gradient method, a pseudo-Newton method, a
quasi-Newton method, a least-squares and Gauss-Newton
method, a Broyden-Fletcher-Goldfarb-Shanno (BFGS)
method, a limited-memory Broyden-Fletcher-Goldfarb-
Shanno (L-BFGS) method, a simulated annealing method,
an ant colony optimization (ACO) method, a genetics algo-
rithm, a Levenberg-Marquardt optimization method, a geo-
metric hashing method, a particle swarm optimization (PSO)
method, a firefly algorithm (FA) method, or the like, or a
combination thereof.

For example, the L-BFGs method may be implemented as
an optimization method. The lmmited memory BFGS
(L-BFGS) method may be substantially similar 1n 1ts imple-
mentation to the BFGS method. The difference may lie in the
matrix update method. The BFGS corrections may be stored
separately, and when the available storage 1s used up, the
oldest correction may be deleted to make space for the new
one. All subsequent iterations may be of this form, 1.€. one
correction 1s deleted and a new one nserted.

For another example, the downhill stmplex method may
be implemented as an optimization method. The downhill
simplex method may need only function evaluations, and
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not calculation of derivatives. In the N-dimensional space, a
simplex 1s a polyhedron with N+1 vertices. N+1 point may
be chosen and an i1mitial simplex may be defined 1n the
implementation of the downhill simplex method. The down-
hill simplex method may update the worst point iteratively
by operations of reflection, expansion, one-dimensional con-
traction, and multiple contractions. For purposes of illustra-
tion, reflection may be mvolved moving the worst point
(vertices) of the simplex (where the value of the objective
function 1s the highest) to a point reflected through the
remaining N points. If this point 1s better than the previously
best point, then the method may attempt to expand the
simplex, and the operation may be called expansion. On the
other hand, 11 the new point 1s not better than the previous
point, then the simplex may be contracted along one dimen-
sion from the highest point, and the operation may be called
contraction. Moreover, if the new point 1s worse than the
previous points, the simplex may be contracted along all
dimensions toward the best point and steps down the valley.
By repeating this series of operations, the method may find
the optimal solution.

It should be noted that the above description of the image
processing module 1s provided for the purposes of 1llustra-
tion, not intended to limait the scope of the present disclosure.
For persons having ordinary skills in the art, various varia-
tions and modifications may be conducted under the teach-
ing of the present disclosure. However, those variations and
modifications may not depart the protecting scope of the
present disclosure.

FIG. 5 1s an exemplary flowchart i1llustrating a process for
image processing according to some embodiments of the
present disclosure. Two 1mages of an object may be input for
a series of 1mage registration to be performed. In step 501,
a first registration may be performed on the two 1images. The
first registration may be a coarse registration. The {first
registration may be based on spatial transformation. One
may be referred to as a reference 1image, and the other one
may be referred to as a floating 1mage. The first registration

may designate a specific group of spatial transformations to
be performed on the floating image. In some embodiments,

the group of spatial transformation may be a group of

translations. The group of translation may correspond to the
case of Equation (3), where the coethicients a, ,, a4, a-, 2,3,
a,, and a,, may be set to zero, a,,, a,, and a,; may be set to
1. In some embodiments, the group of spatial transforma-
tions may be a group of rigid motions. The group of rigid
motion may correspond to the case of Equation (3), where
the matrix

ay; dyp a3 ] (14)

ta) dpp da3 |,

| d31 432 33 |

may be an orthogonal matrix, i.e., AA=I, where

(15)

R
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transformation may be a group of afline transformations.
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The selection of the specific spatial transformation to be
applied on the floating 1mage may depend the selection of
the similarity measure, or referred to as the cost function. To
measure the similanty/diflerence between the images, the
cost function may be set by various ways. In some embodi-
ments, the cost function may be given as mutual informa-
tion. Based on the information theory, mutual information
may represent the amount of information that one image
may contain about a second image. Mutual information may
be maximized by aligning the two 1images in an optimal way.
In some embodiments, the cost function may be given as the
mean squared error. In some embodiments, the cost function
may be given as the relative entropy. In some embodiments,
the cost function may be given as the gradient relative
entropy.

An optimization method may be utilized to find a desired
spatial transformation for the given cost function. As an
example, the group of spatial transformations may be
include a group of afline transformations. The cost function
may be the mutual information or the normalized mutual
information. The optimization method may be the downhill
simplex method. As another example, the group of spatial
transformation may include a group of rigid motions. The
cost fTunction may be the relative entropy. The optimization
method may be the Powell method. By performing the
coarse registration on the floating image, an intermediate
image may be obtained. One or more of the three images,
1.€., the reference 1image, the floating image, and the inter-
mediate 1mage may be provided to step 502.

In step 502, a second registration may be performed on
the at least two 1mages 1mput from step 501. The second
registration may be performed on the basis of the first
registration. The second registration may be a fine registra-
tion. One 1mage may be the reference 1mage, and the other
may be the intermediate 1image. In some embodiments, the
other image may be the combination of intermediate image
and the floating 1image. The second registration may desig-
nate regions of interest (ROI) in the reference image. In
some embodiments, the regions of interest may be given as
the feature points. A specific group of spatial transforma-
tions designating the oflsets of the feature points may be
chosen. In some embodiments, {ree-form deformation
(FFD) may be used. For example, the 3" order B-spline
model may be utilized as the model for the group of spatial
transformation. Specifically, the oflsets of the voxel along
the X direction, the Y direction, and the Z direction may be
expressed as the B-spline function of offsets of the 4x4x4
control points adjacent to the voxel according to Equations
(4)-(12).

After setting the model for the group of spatial transior-
mations for the second registration, the similarity measure,
or referred to as the cost function, may be specified. To
measure the similarity/difference between the images, the
cost function may be set by various ways. In some embodi-
ments, the cost function may be given as mutual informa-
tion. Based on information theory, mutual information
expresses the amount of information that one image may
contain about a second 1mage. Mutual information may be
maximized by aligning the two 1mages 1n an optimal way. In
some embodiments, the cost function may be given as the
mean squared error. In some embodiments, the cost function
may be given as the relative entropy. In some embodiments,
the cost function may be given as the gradient relative
entropy.

An optimization method may be utilized to find the
desired spatial transformation for the given cost function. In
some embodiments, the group of spatial transformation may
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be given as the group of free-form deformation based on the
B-spline transformation. The cost function may be the
mutual mnformation or the normalized mutual information.
The optimization method may be the limited memory Broy-
den-Fletcher-Goldfarb-Shannon (L-BFGS) method.

In some embodiments, the optimization method may be

the Broyden-Fletcher-Goldfarb-Shannon (BFGS) method.
By performing the second registration on the intermediate
image, an auxiliary image may be obtained. One or all of the
three 1images, 1.e. the reference 1mage, intermediate 1mage,
and the auxiliary image may be output to step 3503.

In step 503, a third registration may be performed on the
at least two 1mages mput from step 502. The third registra-
tion may be performed on the basis of the first registration
and/or the second registration. The third registration may be
a super-fine registration. One 1mage may be the reference
image, and the other may be the auxiliary 1image. In some
embodiments, the other image may be the combination of
auxiliary 1image and the intermediate 1mage or the floating
image. The third registration may designate a feature point
and/or a structure 1n the auxiliary image. A feature point may
be a point within the 1mage that 1s indicative of the charac-
teristic of the image. For example, a feature point may be a
point with the highest gray level. For another example, a
feature point may be a point to designate the positioning of
rib(s). A structure may be a formation of feature points. For
example, the exhibition of rib(s) within the lung area may be
a structure. For another example, the blood vessel may be a
structure. In some embodiment, a structure may be formed
utilizing partly the feature points. A specific group of spatial
transformations designating the oflsets of the feature points
may be chosen. In some embodiments, a non-rigid registra-
tion model based on the gray level may be used. For
example, the Demons method may be utilized as the model
for the group of spatial transformation. Specifically, the
movement of the voxel along the X direction, the Y direc-
tion, and the Z direction, respectively, may be determined by
the gradient of the gray level of the reference 1image, which
have been descripted in Equation (15).

After setting the model for the group of spatial transfor-
mations for the third registration, the similarity measure, or
referred to as the cost function, may be specified. To
measure the similarity/difference between the images, the
cost function may be set by various ways. In some embodi-
ments, the cost function may be given as mutual informa-
tion. In some embodiments, the cost function may be given
as the mean squared error. In some embodiments, the cost
function may be given as the relative entropy. In some
embodiments, the cost function may be given as the gradient
relative entropy.

An optimization method may be utilized to find the
desired spatial transtormation for the given cost function. In
some embodiments, the group of spatial transformations
may be given as the group of free-form deformations based
on the non-rigid transformation. The cost function may be
the mutual information or the normalized mutual informa-
tion used to measure the correlevance between the images.
The optimization method may be the limited memory Broy-
den-Fletcher-Goldfarb-Shannon (L-BFGS) method. The
limited memory BFGS method 1s substantially similar 1n 1ts
implementation to the BEFGS method. The difference may lie
in the matrix update method. The BFGS corrections may be
stored separately, and when the available storage 1s used up,
the oldest correction may be deleted to make space for the
new one. All subsequent 1terations may be of this form, 1.¢.
one correction 1s deleted and a new one inserted. Alterna-
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tively, the optimization method may be the Broyden-
Fletcher-Goldfarb-Shannon (BFGS) method.

It should be noted that the flowchart described above 1s
provided for the purposes of 1llustration, and not intended to
limit the scope of the present disclosure. For persons having
ordinary skills in the art, various variations and modifica-
tions may be conduct under the teaching of the present
disclosure. However, those wvariations and modifications
may not depart from the protecting of the present disclosure.
For example, step 501, step 502 and step 303 may be
performed sequentially at an order other than that described
above 1 FIG. 5. Step 501, step 502 and step 503 may be
performed concurrently or selectively. Step 501, step 502
and step 503 may be merged 1nto a single step or divided into
a number of steps. In addition, one or more other operations
may be performed before/after or in performing step 501,
step 502 and step 503.

FIG. 6 1s an exemplary block diagram of the registration
unmt 330 according to some embodiments of the present
disclosure. The registration unit 330 may include a selection
block 610, a computing block 620, and a judgment block
630.

The selection block 610 may determine whether to per-
form a series of registrations based on the judgment block
630, and which registration may be performed. The selection
block 610 may determine which registration model, simi-
larity measure, optimization method to be performed based
on information transmitted from the judgment block 630.

The computing block 620 may perform a series of regis-
trations determined by the selection block 610 and/or judg-
ment block 630. For example, the computing block 620 may
compute the parameters of similarity measure and the opti-
mization method, such as gray level of voxels, indices of the
control points, the coordinate of a transformed voxel, image
entropies.

The judgment block 630 may judge the image whether to
perform a series ol registrations based on the reference
image, the desired floating 1mage and the specification of the
image processing system. The judgment block 630 may
judge whether to compute the parameters of similarity
measure, or the optimization method.

It should be noted that the above description of the 1mage
processing module 1s provided for the purposes of 1llustra-
tion, not mntended to limait the scope of the present disclosure.
For persons having ordinary skills in the art, various varia-
tions and modifications may be conducted under the teach-
ing of the present disclosure. However, those variations and
modifications may not depart the protecting scope of the
present disclosure. For example, the computing block 620
and the judgment block 630 may be incorporated into one
block.

FIG. 7 1s an exemplary flowchart 1llustrating a process for
performing a registration according to some embodiments of
the present disclosure. The registration may be a coarse
registration. At least two 1mages may be obtained in step
701, one 1mage may be the reference 1mage, and the other
image may be the floating image. In step 702, one or more
feature points located on the reference i1mage may be
extracted, also called the sampling points. In step 703,
according to the downhill simplex method, the solution
space of the mitial solution may be set. In an exemplary case
in which a 3-dimensional afline transformation 1s used as the
spatial transformation, the number of parameters to be
determined may be no less than 13. In step 704, the mutual
information for each solution 1n the solution space may be
calculated according to the sampling points and Equation (4)
involving the afline transformation. In step 703, the solution
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space may be updated according to the updating rule of the
downhill simplex method and the mutual information of
cach solution in the solution space. In step 706, the conver-
gence criteria of the downhill simplex method may be
checked. If the convergence criteria 1s satisfied, then the
solution obtained may be output as the optimal solution,
indicating the optimal afline transformation, into step 707. If
the convergence criteria 1s not satisfied, then the algorithm
may go back to step 704. In step 708, the intermediate image
may be obtained by performing the optimal afline transior-
mation on the tloating 1mage.

It should be noted that the flowchart of performing the
algorithm of the coarse registration described above 1is
provided for the purposes of illustration, and not intended to
limit the scope of the present disclosure. For persons having
ordinary skills 1n the art, various variations and modifica-
tions may be conduct under the teaching of the present
disclosure. However, those wvariations and modifications
may not depart from the protecting of the present disclosure.

FIG. 9 1s an exemplary flowchart i1llustrating a process for
performing a registration according to some embodiments of
the present disclosure. The registration may be a fine reg-
istration. The registration may be performed on the basis of
the registration described elsewhere in the present disclo-
sure, for example, the registration as 1llustrated 1n FIG. 7. At
least two 1mages may be obtained in step 901, one 1mage
may be the reference image, and the other image may be the
floating 1image. For example, the floating image may be the
intermediate 1image obtained from the coarse registration. In
step 902, the feature points located on the reference image
may be extracted, also called the sampling points. In step
903, according to the L-BFGS method and the B-spline
transformation model, the initial solution may be set. In step
904, the mutual information for each solution in the solution
space would be calculated according to the sampling points
and the model of B-spline transformation, together with the
gradient of the mutual information with respect to the
optimization variables. In step 905, the solution space would
be updated according to the updating rule of the L-BFGS
method and/or the mutual information of each solution 1n the
solution space. In step 906, the convergence criteria of the
L-BFGS method would be checked. If the convergence
criteria 1s satisfied, then the solution obtained would be
output as the optimal solution, indicating the optimal
B-spline transformation, mto step 907. If the convergence
criteria 1s not satisfied, then the algorithm would go to step
904. In step 908, the auxiliary 1mage may be obtained by
performing the optimal B-spline transformation on the tloat-
Ing image.

It should be noted that the flowchart of performing the
algorithm of the registration described above 1n connection
with FIG. 9 1s provided for the purposes of illustration, and
not intended to limit the scope of the present disclosure. For
persons having ordinary skills 1n the art, various variations
and modifications may be conduct under the teaching of the
present disclosure. However, those vanations and modifi-
cations may not depart from the protecting of the present
disclosure.

FIG. 11 1s an exemplary flowchart illustrating a process
for performing a registration according to some embodi-
ments of the present disclosure. The registration may be a
super-fine registration. The registration may be performed
on the basis of the registration described elsewhere in the
present disclosure, for example, the registration as illustrated
in FIG. 7 and/or the registration as illustrated in FIG. 9. At
least two 1mages may be obtained 1n step 1101, one image
may be the reference 1image, and the other 1mage may be the
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floating 1image. For example, the floating image may be the
auxiliary 1mage obtained from the fine registration. In step
1102, the feature points located on the reference 1mage may
be extracted, also called the sampling points. The feature
points may be chosen to be related to the gray level of the
reference 1mage. For example, the feature points may be
chosen to be the locations of numerous minor blood vessels
in the lung area of a CT 1mage. In step 1103, according to
the L-BFGS method and the Demons transformation model,
the initial solution may be set. In step 1104, the mutual
information for each solution 1n the solution space would be
calculated according to the sampling points and the model of
Demons transformation. In step 1105, the gradient of the
mutual information with respect to the optimization vari-
ables would be calculated. In step 1106, the solution space
would be updated according to the updating rule of the
L-BFGS method and/or the mutual information of each
solution in the solution space. In step 1107, the convergence
criteria of the L-BFGS method would be checked. If the
convergence criteria 1s satisiied, then the solution obtained
would be output as the optimal solution, singling out the
optimal Demons transformation, into step 1108. If the con-
vergence criteria 1s not satisfied, then the algorithm would
g0 to step 1104. In step 1108, the target image may be
obtained by performing the optimal Demons transformation
on the tloating 1image.

It should be noted that the flowchart of performing the
algorithm of the super-fine registration described above 1is
provided for the purposes of illustration, and not intended to
limit the scope of the present disclosure. For persons having
ordinary skills in the art, various variations and modifica-
tions may be conduct under the teaching of the present
disclosure. However, those wvariations and modifications
may not depart from the protecting of the present disclosure.

FIG. 13 1s an exemplary flowchart 1llustrating a process
for performing a series of registration according to some
embodiments of the present disclosure. At least two 1mages
may be obtamned in step 1301, one 1mage may be the
reference 1mage, and the other image may be the floating
image. The two 1mages may be two medical 1images of an
object at various stages. For example, the two 1mages may
be two CT 1mages of a patient at different times. For another
example, the two 1mages may be two DR 1mages of a patient
at two stages. In step 1302, the two 1mages may be pre-
processed by performing, for example, image normalization,
image segmentation, image recognition, 1mage reconstruc-
tion, i1mage smoothing, suppressing, weakening and/or
removing a detail, a mutation, a noise, or the like, or any
combination thereof. In step 1303, a first registration of two
images may be implemented. For example, a coarse regis-
tration may be implemented on the two 1mages to generate
an mtermediate 1image. The three images, 1.e. the reference
image, the floating 1mage, and the imntermediate 1mage may
be output 1nto step 1304. In step 1304, a second registration
may be implemented on the three images. For example, a
fine registration may be implemented on the reference 1mage
and the intermediate 1image to produce an auxiliary image as
the output 1mage. In step 1303, a third registration on the
reference 1mage and the auxiliary image may be imple-
mented to produce the target image. In step 1306, a temporal
subtraction image may be obtained by subtracting the target
image irom the reference image, illustrating the possible
locations of new lesion, and/or the possible locations of
diminished lesion. In step 1307, an auto-detection may be
implemented on the temporal subtraction 1mage to single out
the region of interests for further processing. In step 1308,
quantification of the data from the images generated during
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the whole procedure may be produced, such as the volume
of the lesion, the density of the region of interest, the object
information about the patient, the mnstrument information
and the instruction information. In some embodiments, the
volume corresponding to each pixel or voxel 1n the lesion
area (or the region of interest), ol a medical 1mage may be
obtained, either 1n an empirical or a statistical way. The total
volume of the lesion may then be obtained by multiplying,
the number of pixels or voxels i1n the lesion area, with the
specific volume corresponding to each pixel or voxel. In
some embodiments, the density of the lesion area (or the
region of interest) in each pixel or voxel of a medical image
may be obtained, either in an empirical or a statistical way.
The mass of the lesion area (or the region of interest)
corresponding to each pixel or voxel may then be calculated.
The total mass of the lesion area (or the region of interest)
may then be obtained by summing up the mass 1n all pixels
or voxels 1n the lesion area. In step 1309 the 1images together
with the relevant data may be output to a display device.

It should be noted that the flowchart of performing the
algorithm of the super-fine registration described above 1s
provided for the purposes of illustration, and not intended to
limit the scope of the present disclosure. For example, the
size and location of the lesions of one object may be
obtained using the procedure as illustrated 1n FIG. 13 at
different stages, either in an automatic or a manual way. The
difference of the size of the lesion, and/or the rate of change
of the size of lesion may be derived taking into account of
time when the 1mages of the object were generated. In some
embodiments, the reference 1mage, the floating 1image, and
the subtraction image may be displayed on the same display
device 1n a row. In some embodiments, the reference image,
the floating 1mage, and/or the subtraction 1mage may be
displayed on the same display device in a column. For
persons having ordinary skills 1n the art, various variations
and modifications may be conduct under the teaching of the
present disclosure. However, those variations and modifi-
cations may not depart from the protecting of the present
disclosure.

EXAMPLES

The following examples are provided for illustration
purposes, and not mtended to limit the scope of the present
disclosure.

Example 1

FIG. 8A through FIG. 8C demonstrate some exemplary
figures after the coarse registration as illustrated 1n FIG. 7.
FIG. 8A 1s a reference image, and FIG. 8B 1s a floating
image, whereas FIG. 8C gives the temporal subtraction
image between the reference image and an intermediate
image. The intermediate 1mage was obtained from the
operation of the coarse registration between the reference
image and the floating 1image.

Example 2

FIG. 10A through FIG. 10D demonstrate some exemplary
figures after the fine registration as 1llustrated in F1G. 9. FIG.
10A 1s a reference 1image, FIG. 10B is a floating image, and
FIG. 10C gives the temporal subtraction image between the
reference 1image and an intermediate 1mage. The intermedi-
ate 1mage was obtained from the operation of the coarse
registration between the reference image and the floating
image. There are still many shadowy areas exhibiting blood
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vessels 1n the lung area. FIG. 10D gives a temporal sub-
traction image between the reference image and an auxiliary
image. The auxiliary image was obtained from the operation
ol the fine registration between the reference image and the
intermediate 1mage.

Example 3

FIG. 12A through FIG. 12D demonstrate some exemplary
figures after the super-fine registration as 1illustrated in FIG.
11. FIG. 12A 1s a reference 1mage, FIG. 12B 1s a floating
image, and FIG. 12D gives a temporal subtraction image
between the reference 1image and a target image (or referred
to as an auxiliary image). The target image was obtained
from the operation of the super-fine registration on the
floating 1mage. There are but a few prominent shadowy
areas 1n the lung area. FIG. 12C gives a fused image between
the reference 1mage and the temporal subtraction image.
Note the red dots 1n FIG. 12C that designate the correspond-
ing feature points in FIG. 12 D, which 1s indicative of the
change of the lesion.

Example 4

FIGS. 14A-14F illustrate six CT 1images that were gen-
erated based on 1mage registration according to an algorithm
for performing a series of registration as illustrated 1n FIG.
13. FIGS. 14A, 14B and FIGS. 14D, 14E are two sets of
reference 1mages and tloating 1mages, respectively, wherein
FIG. 14C and FIG. 14F are the temporal subtraction images
generated based on the various image registration or a
combination thereol as described in the present disclosure.

Example 5

FIGS. 15A-15F illustrate six X-ray images that were
generated based on 1mage registration according to an
algorithm for performing a series of registration as 1llus-
trated 1 FIG. 13. FIGS. 15A, 15B and FIGS. 15D, 15E are
two sets of reference 1images and floating 1mages, respec-
tively, wherein FIG. 15C and FIG. 15F are the temporal
subtraction 1mages generated based on the various image
registration or a combination thereol as described in the
present disclosure.

Example 6

Fifty-mine C'T images and 232 DR 1images were processed
utilizing the 1mage registration described herein. To evaluate
the quality of subtraction 1mages, objective ratings by five
radiologists and five physicists were utilized independently.
A four-point rating scale below was then generated based on
the objective ratings:

1 Bad: Most ribs (or Vessels) are not well registered;

2 Acceptable: Most ribs (or Vessels) are well registered,
with some minor mis-registration error;

3 Good: Most ribs (or Vessels) are almost completely
registered with some very minor mis-registrations; and

4 Excellent: All ribs (or Vessels) are perfectly registered.

The rating for each case was determined in one of the four
categories above based on the average (or the majority) of
the ratings provided by multiple observers. The test result on
the total 291 data images may be classified into four cat-
cgories: “excellent,” “good,” “acceptable,” and “bad” as
above. Two hundred twenty-nine results are excellent, 56
results are good, 2 results are acceptable, and 4 results are
bad. Approximately 97.9% results are excellent or good.
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As will be also appreciated, the above described method
embodiments may take the form of computer or controller
implemented processes and apparatuses for practicing those
processes. The disclosure can also be embodied 1n the form
ol computer program code containing instructions embodied
in tangible media, such as floppy diskettes, CD-ROMs, hard
drives, or any other computer-readable storage medium,
wherein, when the computer program code 1s loaded into
and executed by a computer or controller, the computer
becomes an apparatus for practicing the invention. The
disclosure may also be embodied in the form of computer
program code or signal, for example, whether stored 1n a
storage medium, loaded 1nto and/or executed by a computer
or controller, or transmitted over some transmission
medium, such as over electrical wiring or cabling, through
fiber optics, or via electromagnetic radiation, wherein, when
the computer program code 1s loaded 1nto and executed by
a computer, the computer becomes an apparatus for prac-
ticing the invention. When implemented on a general-
purpose microprocessor, the computer program code seg-
ments configure the microprocessor to create specific logic
circuits.

The various methods and techniques described above
provide a number of ways to carry out the application. Of
course, 1t 1s to be understood that not necessarily all objec-
tives or advantages described can be achieved in accordance
with any particular embodiment described herein. Thus, for
example, those skilled in the art will recogmize that the
methods may be performed 1n a manner that achieves or
optimizes one advantage or group of advantages as taught
herein without necessarily achieving other objectives or
advantages as taught or suggested herein. A variety of
alternatives are mentioned herein. It 1s to be understood that
some preferred embodiments specifically include one,
another, or several features, while others specifically
exclude one, another, or several features, while still others
mitigate a particular feature by inclusion of one, another, or
several advantageous features.

Furthermore, the skilled artisan will recognize the appli-
cability of various features from different embodiments.
Similarly, the various elements, features and steps discussed
above, as well as other known equivalents for each such
clement, feature or step, may be employed in various
combinations by one of ordinary skill in this art to perform
methods 1 accordance with the principles described herein.
Among the various elements, features, and steps some will
be specifically included and others specifically excluded in
diverse embodiments.

Although the application has been disclosed 1n the context
of certain embodiments and examples, 1t will be understood
by those skilled in the art that the embodiments of the
application extend beyond the specifically disclosed
embodiments to other alternative embodiments and/or uses
and modifications and equivalents thereof

Preferred embodiments of this application are described
herein. Vanations on those preferred embodiments will
become apparent to those of ordinary skill in the art upon
reading the foregoing description. It 1s contemplated that
skilled artisans may employ such variations as appropriate,
and the application may be practiced otherwise than spe-
cifically described herein. Accordingly, many embodiments
of this application include all modifications and equivalents
of the subject matter recited in the claims appended hereto
as permitted by applicable law. Moreover, any combination
of the above-described elements in all possible variations
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thereof 1s encompassed by the application unless otherwise
indicated herein or otherwise clearly contradicted by con-
text.

All patents, patent applications, publications of patent
applications, and other material, such as articles, books,
specifications, publications, documents, things, and/or the
like, referenced herein are hereby incorporated herein by this
reference in their entirety for all purposes, excepting any
prosecution file history associated with same, any of same
that 1s 1nconsistent with or i conflict with the present
document, or any of same that may have a limiting aflect as
to the broadest scope of the claims now or later associated
with the present document. By way of example, should there
be any inconsistency or contlict between the description,
definition, and/or the use of a term associated with any of the
incorporated material and that associated with the present
document, the description, definition, and/or the use of the
term 1n the present document shall prevail.

In closing, 1t 1s to be understood that the embodiments of
the application disclosed herein are illustrative of the prin-
ciples of the embodiments of the application. Other modi-
fications that may be employed may be within the scope of
the application. Thus, by way of example, but not of
limitation, alternative configurations of the embodiments of
the application may be utilized in accordance with the
teachings herein. Accordingly, embodiments of the present

application are not limited to that precisely as shown and
described.

What 1s claimed 1s:
1. A system of 1mage processing, comprising:
a storage storing a set of instructions; and
at least one processor 1n communication with the storage,
wherein when executing the instructions, the at least
one processor 1s configured to cause the system to:

acquire a reference 1mage of an object and a floating
image ol the object;
perform a coarse registration on the floating 1mage and the
reference 1mage to obtain an intermediate 1mage;

perform a fine registration on the intermediate 1mage and
the reference 1mage to obtain an auxiliary image, the
fine registration comprising aligning a region of interest
in the mtermediate 1image with a reference region of
interest in the reference 1mage;

perform a super-fine registration on the auxiliary image

and the reference 1mage to obtain a target image, the
super-fine registration comprising aligning a character-
istic 1n the auxiliary image with a reference character-
istic 1n the reference image.

2. The system of claim 1, wherein the coarse registration
includes rigid spatial transformation based on an optimiza-
tion of either mutual information or a mean squared error.

3. The system of claim 1, wherein the fine registration
includes free-form deformation designating ofisets of points
in the region of interest in the intermediate 1mage, and the
fine registration 1s determined based on an optimization of
either mutual information or a mean squared error on the
points 1n the region of interest 1n the mtermediate 1image.

4. The system of claim 1, wherein the characteristic in the
auxiliary 1mage includes at least one feature point in the
auxiliary 1mage or a structure in the auxiliary image, the
reference characteristic in the reference image includes at
least one reference feature point 1n the reference 1image or a
reference structure 1n the reference 1mage.

5. The system of claim 4, wherein the at least one
reference feature point 1n the reference image 1s a point with
the highest gray level.
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6. The system of claim S, wherein the reference 1mage 1s
X-ray 1mage, and the point with the highest gray level 1s a
point designating a positioning of a rib.

7. The system of claim 4, wherein the reference 1image 1s
CT 1mage, and the reference structure in the reference image
1s a rib or a vessel within a lung area in the CT 1mage.

8. The system of claim 4, wherein the at least one
processor 1s configured to cause the system further to
identify a rib area in the reference 1image.

9. The system of claim 1, wherein the reference image and
the floating 1mage are taken at different times.

10. A method comprising:

acquiring a reference 1mage of an object and a floating

image of the object;

performing a coarse registration on the floating 1mage and
the reference 1mage to obtain an intermediate 1mage;

performing a fine registration on the intermediate 1mage
and the reference 1mage to obtain an auxiliary image,
the fine registration comprising aligning a region of
interest 1 the itermediate 1mage with a reference
region ol interest 1n the reference 1image;

performing a super-fine registration on the auxihary

image and the reference 1image to obtain a target image,
the super-fine registration comprising aligning a char-
acteristic 1n the auxiliary image with a reference char-
acteristic 1n the reference image.

11. The method of claim 10, wherein the coarse registra-
tion includes rigid spatial transformation based on an opti-
mization of either mutual mmformation or a mean squared
eITor.

12. The method of claim 10, wherein the fine registration
includes free-form deformation designating oflsets of points
in the region of interest 1n the mtermediate 1mage, and the
fine registration 1s determined based on an optimization of
either mutual information or a mean squared error on the
points 1n the region of interest 1n the intermediate 1mage.
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13. The method of claim 10, wherein the characteristic 1n
the auxiliary 1image includes at least one feature point 1n the
auxiliary 1mage or a structure in the auxiliary image, the
reference characteristic in the reference image includes at
least one reference feature point 1n the reference 1image or a
reference structure in the reference 1mage.

14. The method of claim 13, wherein the at least one
reference feature point 1n the reference 1image 1s a point with
the highest gray level.

15. The system of claim 14, wherein the reference image
1s X-ray 1image, and the point with the highest gray level 1s
a point designating a positioning of a rib.

16. The method of claim 13, wherein the reference image
1s CT 1mage, and the reference structure in the reference
image 1s a rib or a vessel within a lung area in the C'T 1mage.

17. The method of claim 13, further comprising 1denti-
ftying a rib area in the reference image.

18. The method of claim 10, wherein the reference image
and the floating 1mage are taken at different times.

19. A non-transitory computer-readable medium contain-
ing instructions that, when executed by a processor, cause
the processor to perform operations comprising:

acquiring a reference image of an object and a floating

image ol the object;
performing a coarse registration on the tloating image and
the reference 1mage to obtain an intermediate 1mage;

performing a fine registration on the intermediate 1mage
and the reference image to obtain an auxiliary 1mage,
the fine registration comprising aligning a region of
interest 1n the intermediate 1mage with a reference
region of interest 1n the reference 1mage;

performing a super-fine registration on the auxihary

image and the reference 1image to obtain a target 1image,
the super-fine registration comprising aligning a char-
acteristic 1n the auxiliary image with a reference char-
acteristic in the reference image.
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